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FOREWORD

Postsecondary technical colleges have, since their inception, responded to the training needs

of business and industry through a variety of training programs for youth and and adults. In recent
years, however, American business and industry has had to confront an alarming drop in its produc-
tivity while struggling with rising unemployment and inflation. To slow the decline in productivity,

if not reverse it, business and industry is beginning to invest in an array of sophisticated technological
devices and processes that promise to deliver products and services more efficiently and, it is hoped,
with improved quality. Unlike past technological inrovations, advancements associated with the
current generation of innovations have accelerated more rapidly than in the past. These developments
would seem to be reason for considerable optimism for the future. Optimism is warranted- suming
that, in addition to the designers and producers of the new technological wonders, there are individuals
trained to know when to use them, how to use them, and how to keep them operating efficiently. In
short, we have available a ne~ genre of “smart” machines with great potential for increasing produc-
tivity. But training for the technicians who will use and maintain the “smart” machines has just
begun. This training needs to be expanded and accelerated if the technolgoies of tomorrow are to
provide us with the needed improvements in productivity and competitiveness.

The current study was initiated by the National Center for Research in Vocational Education
to investigate the current and future status of three high technology areas in terms of their impacts
on occupations, labor demand, and training requirements. The three areas selected for study are
telecommunications, computer applications, and advanced manufacturing technology.

A second effort in this study focuses on the presentation of a model of technology transfer and
diffusion from the perspective of a user or adapter of a technology. This effort also includes a dis-
cussion of response options of postsecondary colleges to techrological advancements as these are
reflected through technician-level training needs.

The study’s products will enable postsecondary planners and administrators to explore the
impact of advancing technologies to determine if ana when a response is appropriate and to become
familiar with various response options for developing high technology programs or course sequences.

The project staff would like to express appreciation to Molly Orth, Dr. Brian Fitch, Dr. James
Weber, and Dr. Richard Ruff of the National Center, Dr. Carol Fought of the Columbus Technical
Institute, and Newton Brokaw of the Celumbus Industrial Association, who served as reviewers of
thisreport. Their valuable suggestions were used to improve the presentation and interpretation of
materials. Also of help in revising the draft was Catharire Warmbrod of the National Center Janet
Kiplinger of the National Center Editorial Services area provided an editorial review of the manu-
script.

Robert E. Taylor

Executive Director

The National Center for Research
in Vocationai Education
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€XECUTIVE SUMMARY

The first section of this report presents a brief survey of the impact of new technologies on
selected industries anc occupations. The technological innovations reviewed are telecommunications,
computer applications, and advanced manufacturing technologies (including robotics). Each review
includes examples of major applications and leading user groups. Effects of the innovations on labor
demand and occupations are reported and forecasts of anticipated effects on job content, skills, and
skill levels are reviewed for workers in technician-level jobs.

The second section presents an analysis of technological advancement in the marketplace and

the ways postsecondary colleges respond to such advancements. Recommended strategies for early
assessment and a more rapid and successful response by postsecondary colleges is discussed.
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INTRODUCTION

The Problem

American business and industry are currently strugglirg with an alarming decline in the growth
of productivity. The disquieting fact is that productivity growth has not only slowed over the past
few vears, but has recently actually declined (Thurow 1981). After studying the problem and
potential solutions in this country and abroad, many business and industry leaders are seeking to
boost their companies’ productivity through the adoption or adaptation of new machines and
processes associated with advanced technological innovations.

One of the most important of the new technologies is the microprocessor. |ts versatility in
industrial, business, and domestic applications makes it one of the most pervasive technological
innovations in modern times. Its revolutionary applications in the computer industry, in particular,
have had protound impacts on how workers and machines interact to provide products and services
in virtually every office and factory in the United States (Osborne 1979).

The current wave of advanced t=chnology has begun to produce a fascinating arrav of devices
and products, but with only passing regard for the effects these will have on the work force. The
development and production phase of the advanced technologies is outstripping the availability of
a trained work force to operate and maintain them. One example of this skill-shortage dilemma is
the iapidly growing area of robotics, in which there is a shortage of trained technicians capab'e of
monitoring and servicing the expanding array of industrial robots (Stauffer 1981). Shortages of
trained technicians are also appearing in the use of computer graphics technologies, biomedical
engineering technologies, and electro/optical equipment.

This research project was undertaken to review a selected number of postsecondary school
programs that are preparing technicians for work in advanced technologies. Of particular interest
in the effort was the nature of collaboration between two-year postsecondary schools and local
businesses and industries that facilitated development and operation of the training programs. In
addition, the project sought to review the current anc probable future status of s2fected technologies,
and to id>ntify rescurces to aid postsecondary school planners and concerned industry representatives
in understanding possible impacts of changing technologies or future labor demands, occupations,
and skill requirements for technicians. These latter activities are the focus of this report.

Purpose anu Me ~ds of the Project

The Technology Adaptation Project was an ..utial investigation of successful roles and approaches
being used by two-year postsecondary education institutions to assist business and industry in adopt-
ing or adapting advanced technological innovations as a means for improving productivity and aiding
economic growth. This review and synthesis of literature and resources.is intended to serve as a
sample for information-gathering and updating activities for postsecondhry institutions and/or
businesses and industries concerned with developing or upgrading tecgnician-level training programs
in two-year postsecondary schools.

[\
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Sources for the brief technology impact reviews included ERIC and the Social Sciences Retro-
spective information systems at the Mechanized Information Center, The Ohio State University
Libraries. In addition, selected manual searches were carried out at the research library of the
National Center. Other sources of inform:ation were obtained from consultants, interviewees at
field sites, and staff members at the National Center. The specific technoiogy overviews are, by the
necessity for brevity, restricted to three sample technology areas. The selected areas are telecom-
munications, computer applications, and advanced manufacturing technology.

Materials for the “Resources” and ““Selected Readings” listings were obtained from the sources
mentioned previously. The listings are organized into a number of categories to facilitate identifica-
tion of topics of interest or focus. Categories include a wide range of technology changes and issues;
technology transfer; and the impact of changing technology on local and national economies, on

industry training, on labor and employment, on occu pations, on productivity, and on postsecondary
vocational education.

Material for the second section is based primarily on the information and observations of the
site visit team as well as the literature reviewed during the early stages of the project. The material
is used to construct a model to describe how technology progresses from innovation to practical
application. Site visit material, particularly the interviews conducted with postsecondary program
planners and administrators, also served as an information base for describing how postsecondary
colleges are currently responding to technological advancements and strategies for reducing deiays
and improving the effectiveness of such responses.
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A BRIEF SURVEY OF THE IMPACT
OF NEW TECHNOLOGIES
ON SELECTED INDUSTRIES AND OCCUPATIONS

Introduction

In order to understand the effects that the adoption of advanced technologies is having or may
have on American industries and workers, three areas of important technological innovation and
exparsion are reviewed here. The three are: *elecommunications, computer applications, and
advanced manufacturing technologies (including robotics). These areas serve as examples of how
changing technologies are affecting businesses and industries, labor demand, and workers themselves,
especially in terms of the demands for training or retraining in technician-level occupations with
technology-related skills.

In each of the technology areas reviewed, major examples of kinds of technological innovations
and users applying those innovations are reported. The effects the innovations have on labor demand
and on occupations are drawn from reviews of literature dealing with labor and technology. Finally,
forecasts are reviewed for anticipated effects that the technological innovations will have on job
content, skills, and skill levels for workers in technician-level jobs Each technology area reviewed
is briefly summarized.

The literature reviewed to prepare this overview included journals such as Technology Review,
Dun’s Revievs, Fortune, International Labour Review, Socic/ and Labour Bulletin, The Futurist,
Monthly Labor Review, and similar publications. Conference reports, such as Technology Assess-
ment and Occup~tional Education ir the Future (Sniegoski 1979), and research reports, such as
Science and Technology: A Five-Year Outlook (National Research Council 1979), are examples of
) the kinds of expert opinion used.

The overview of changing technologies does not attempt to be definitive. It represents ways
that a concerned vocational educator, administrator, or zdvisory committee could co!lect vital
information on trends in technological change (and its effects on labor and skill demands) by
reviewing literaturz available in journals and documents. (Lists of selected journals and documerts,
as well as of other resources, are included e'sewhere in this publication.) Such information, which
can be gathered inexpensively and with only moderate time anc effort, can be crucial to those
involved in planning, developing, or updating programs or curricula in high-technology areas.

The utility of this information for participation in local or regional economic development
efforts is also high. By monitoring information or technology changes, with attention to supporting
economic, political, and social factors, educators can lessen the probability of encountering unexpectea
shifts in local training needs. Postsecondary faculty, representing a wide range of interests and expertise,
also can be pivotal in neightening the awareness of local employers about technological innovations,
the ease or complexity of adopting or adapting them, and the potential of these innovations for
boosting productivity. Finally, by maintaining an awarcness of emerging technologies and trends in
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labor/skill demands, postsecondary institution faculty should be better able to anticipate national
patterns and use that knowledge to create appropriate high-technology training programs that will
attract rew industry to the region, help create new jobs, and aid in the entry and advancement of
local workers in technician-level jobs in American industry and business.

Telecommunications
New Technologies, New Users

The field of telecommunications is one of the most rapidly changing industries in the world,
driven by innovations and declining costs of microprocessors, fiber optics, laser beam transmission,
computers and computer systems, microwave transmission hard ware, coaxial cables, and synchronous-
orbital communications sateliites. The microelectronic revolution is less than a decade old, yet its
impact on cur society and on the world as a whole has affected the speed, availability, cost, and
effectiveness of every kind of communication. It has made information, entertainment, and dita
manipulation available tc sovernment, business, the military, and private citizens. Uses of telecom-
munications are expected to expand by the end of the eighties, bringing us into an era that futurists
are calling “‘the global village.”

Prime examples of developers and users of new and emerging telecommunications t>chnologies
include—

¢ telephone companies and services (such as American Telephone and Telegraph Corporation,
Southern Pacific Communications, and others),

* cable television networ!s, stations, and businesses (such as Cab'e News Network, Warner-
QUBE, and so forth),

® national and local weather-forecasting services,

® United States defense systems, the National Aeronautics and Space Administration, and
national/international satellite surveillance and mapping systems (such as LANDSAT),

* Automatic Teller Machire (ATM) networking by banks,

® computer-accessed networks, such as Compuserve, The Source, etc., which serve small
business and personal networking needs,

¢ stock market brokers, bankers, and other financia! managers,

® radio, television, and news networks and ‘“‘superstations’ (such as CBS, Cable News
Network, Atlanta’s WTBS, United Press International, and so forth).

Examples of the technologies affecting telecommunications are data networks, satellite and
digitally-encoded telephone anc telecopy devices and systems, optical fibers and cables, electronic
mail and shopping services, text editing and distribution systems, and electronic funds-transfer
systems. Potential future technology applications, such as inexpensive bubble memories and
Josephson junctions, may make telecommunications even faster, more accurate, and able to handle
larger bulks of data (National Research Council 1979).

Q 1
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‘Telecommunications Technologies and Work

The adoption or adaptation of new technologies in an industry affects the industry and its work
‘force in many ways, among which are labor demand (job creation, job obsolescence), occupations
(new occupations emerge, old occupations vanish, occupational clusters change due to increasing
specialization), and job content and skill requirements. Studies of changes in telecommunications
industries and their patterns of employment provide some data for forecasting likely trends in labor
demand, occupations, and job content and skill requirementss The focus here is on technician-level
jobs—those of importance to one- or two-year technical or ccmmunity colleges.

Changes in labor demand. Manufacturers of telecommunications equipment are being
dramatically affected by the applications of microchip circuitry. For example, an electronic telex
manufactured by the West German company, Standard Elzctric Lorenz, now has one rmicroprocessor
in place of 936 moving rarts in an earlier model; its manufacture requires only about eighteen hours,
compared with seventy-five hours for an electromechanical telex. Telecommunications Ericson in
Sweden reduced its work force from 15,000 to 10,000 workers between 1975 and 1978, and employ-
ment in telecommunications manufacturing in Britain dropped from 88,000 workers to 65,000 during
the same period (Norman 1981a). This has been the trend all over the world in that industry.

Installation and maintenance labor can be expected to be similarly affected as advanced tech-
nologies continue to be adopted in the telecommunications industry. For example, do-it-yourself
telephone installation has already drastically reduced the phone installation force of the Be!; System
across the United States, and some maintenance functions prcsently performed by the industry also
will be trapsferred to the customer in the 1980s. This will be made possible by the expanding use of
microprocessors, coupled with the modular assembly of telephones and other telecommunications
equipment design changes. Developments such as dedicated plant lines (permanently installed lines
and connectors in commercial and residential buildings), buried cable, and quick-connect terminals
are reducing labor demand (as well as skill levels) for line and cable workers (Dymmel 1979).

Other telecommunications jo s%vill also be affected by the new technologies. New switching
equipment has affected the number‘of telephone operators in the past, dropping the percentage of
the industry’s total employmerft from more than 50 percent in the mid-1940s to less than 20 percent
of the industry’s work force today. This decline may not continue in the 1980s, however, as increasing
demand for services is expected. Some experts in the industry feel that unless a new technology is
discovered for jobs still performed by operators, their share of employment may even increase
(Dymmel 1979). Advances in artificial intelligence (such as computer verbal/oral discrimination and
decision-making capacities) and mechanical voice simulation may nevertheless eventually depress the
demand for human operators. :

The potential widespread adoption of electronic postal services, shopping services, and home
computer terminals may affect labor demand in the postai system, in newspaper printing and dis-
tribution, book publishing, retail and wholesale sales and distribution, and—via electronic funds
transfer—banking and financial manipulation. Forecasters concerned with the technology expect
that mail carriers, printing tradespersons, distribution and deliver workers, and bank tellers will
experience a decline in labor demand. ’

Changes in occupations. As seen in the previous section, changing telecommunications tech-
nologies will have a direct effect on almost every occupation. In the telecommunications articles
reviewed nere, however, there was no direct implication that any particular occupations in the tele-
zommunications industries would totally vanish.
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The only emerging telecommunications occupational area that was mentioned was that of laser
technicians (Orth and Russell 1980). According to that report,

Requirements for technicians in terms of at'solute numbers are unclear. Future
demand depends on how much business and industry witl use lasers either for
the first time or in an expansion of uses in existing areas, such as the communi-
cations field. For example, lasers are comino into use for the transmission of
images across the country tTor newspaper copy. It is reasonable to assume that
the use of lasers will continue to expand in the future. The capability of fiber
optics and lasers to communicate a vastly increaszd amount of information (as
comnared with electronic transmission) and fiber optic.’ resistance to electro-
magnetic deterioration seem to ensure expanding usage, wit., consequent
increased demand for skilled technicians in thos. technologies. (p. 84-86)

Changes in job content, skills, and skill levels. In the telephone industry, most technician-level
jobs are involved either with switching systems or with_signal transmission. New electronic switching
systems (ESS): .

... require less labor and different skills than older systems. ESS machines are
preprogrammed to fit each specific office; therefore, skill requirements are
reduced considerably for craftworkers who install these systems. Similarly,
less maintenance is required because ESS monitors its own performance and
diagnoses circuitry problems. ESS also is changing skill requirements. The

< system has no moving parts, thereby eliminating the need for mechanical
repair skitls. However, knowledge of electronic computer-based systems and
programming concepts is required. Thus, the technical skills anc educationzl
requirements are increasing for ESS-related work. (Dymmel 1979, p. 14)

Changes in transmissions systems (including coaxial cable networking and multiplexing) are |
expected to alter skill requirements significantly for transmissions system craftworkers The use of
fiber optics may‘reduce skill requirements, because the optical systems involved will be preengineered |
and the equipment at the ends of the transmissions systems (i.e., equipment in central offices) will
remain principally electronic. Central office craftworkers will retain their current approximate skills
levels, but ‘‘dedicated plant linés, buried cables, and quick-connect terminals are expected to lower ,
skill levels of line and cable workers” (Dymme! 1979, p. 14-15).

Changes in skills levels for satellite-communications technicians are not expected to be significant
in the near future. According to Dymmel:

Modest employment growth can be expected in these fields as satellite use
becomes more extensive. At present, satellites provide only supplemental
capacity and, therefore, have not affected personne! at ground-based trans-
mission facilities. (Dymmel 1979, p. 14-15)

How the success of the space-shuttle system (which is scheduled to put numerous satellites into
orbit for a variety of purposes) affects the employment of ground-based satellite communications
techniclans remains to be séen, however. The use of direct-beam: television transmission by satellite
could well affect the need for installation and service technicians—perhaps displacing cable-television
transmission technicians. ’




Summary: Telecommunications

Observers of rhe telecommunications field seem to agree that labor demands in general are
decreasing dnd will continue to do so, with telecommunications manufacturing workers, installation
and maintenance labar, and possibly telephone operators suffering the most job decreases. Potential
areas of growth are cable-television company technicians, laser technicians, and ground-based satellite
transmission technicians. ‘

Only a few specialized new occupations are expected to emerge (e.g., laser techniciars), and
the demand for workers is not expected to be substantial. No direct telecommunications occu pa-
tions are expected to vanish entirely, though the demand for some workers is already decreasing, as

- mentioned. Almost every occupation—or job within an occupational cluster—in the telecommuni~a-
tions industries is expected to undergo changes in job content, however, as well as in :he skills and
levels of skills required. Because of engineering design and the proliferation of computerized moni-
toring systems, most manufacturing, crafts, and installation jobs will probably require lower skill
levels than before, particularly for mechanical skills, though an increase in demand for computer
systems and programming skills is likely to raise the skill levels in some of those occupations.

Labor-management cooperation in the telecommunications industry has notably affected the
< decline in employment, slowing it. (This is not unique to the telecommunications industries.) This
trend is expected to continue through the eighties. ’ !
Most [labor] contracts contain general provisions relating to seniority, layoffs,
pari-time work, and severance pay that afford some protection against the
effects of techralogical change. ... Increased emphases will be placed on re-
training employees for the new technologies or for different types of jobs,
while slowly decreasing the size of the work force through attrition. (Dymmel
1979)

The new technologies in telecommunications also affect employment of women.

Women vorkers historically have constituted a major portion of telephone
industry employment. They have been concentrated in operator and clerical
positions until recently, when they moved gradually into male-dominated craft
jobs. Moreover, technological changes in the last two decades have adversely
affected jobs traditionally held by women more than jobs held by men in
construction, installation, and maintenance occupations. Thus, although the
number of women workers increased more than 15 percent from 1960 to 1977,
their share of total employment fell from 57.2 percent to 48.9 percent. Mowever,
if operator employment does not decrease significantly through the 1980s, and
greater numbers of craft jobs open to women, their share of total employment
may stay near 50 percent. (Dymmel 1979)

Women may be expected to have major roles in all aspects of future telecommunicztions industries.

N

Computer Applications
New Technologies, New Users

The advent of microprocessors is as intimately bound to new computer applications as it is to
the telecommunications field, and its impact is equally sweeping. The incorporation of microprocessors
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iogeiher with optical scanners, electrostatic printers, laser-imaged discs for information storage and
retrieval, telecommunications equipment, and so forth, is revolutionizing data processing, information
storage and¥etrieval, word processing, automatic accounting and inventory control, publishing,
printing, and entertainment. Industries directly involved with or affected by the new computer
applications include automebile manufacturing, banks, insurance firms, retail and wholesale businesses,
computation instrument/calculator manufacturers, newspapers, health care facilities, libraries, and
electronic game manufacturers, amorg others. PFrobably no industry exists in the United States (or in
other industrialized countries) that is not being affected by new or emerging computer applications.
Even the agriculture and the fishing industries are using computers.

Types of jobs and occupations directly involved in computer-using industries that are currently
or are likely to be significantly affected by the new applications include computer operators and
programmers, retail salespersons, data-entry technicians, typists and secretaries, insurance claims
processors, editors and printers, accounting and inventory workers, installation and maintenance
workers, manufacturing workers, and so forth. Few, if any, occupations are left untouched by the
new technologies. ‘

Examples of the new applications of computer technologies include word processors and
“smart” typewriters, computerized optical-scan point-of-sale devices (which simultaneously keep a
running inventory of products), automatic bank tellers and account validation systems, library cata-
loging systems, computerized traific control systems, home computers, hand-held programmable
calculators/computers, electronic games, aviation simulators, control systems for automatic ventila-
tion and heating, electronic postage scales, computerized machine tools, computerized typesetting,
and so forth.

Computer Application Technologies and Work -

Changes in labor demand. Microprocessor applications seem likely to affect clerical workers
first and perhaps most strongly. “It has been estimated that at least 30 percent of clerical jobs will
. -be lost by 1990 as the impact of the word processor makes itself felt” (Farley 1980). A 1978 report
to the president of France projected that by 1990, 30 percent fewer workers would be needed to
produce a given volume of "vork in the insurance and bankierﬁ industries.

The British insurance company, Friends Provident, is already developing its own
internal services by transacting through a nationwide network of display terminals,
which also provide for the composition and printing of policy documents and the
automatic handling of premium payments. This “‘instant policy"” system has, they
claim, virtually eliminated all paper work from what was a notoriously paper-bound
process. ... The Services manager of Friends Provident anticipates a staff savings
of 40 percent, which will pay for the cost of installing the system. (Norman 1981a)

' A study (Magarrell 1986) at Stanford University estimated that the university now spends more

‘ than $35 million a year for typing, filing, and retrieving textual material. The director of the univer-

' sity’s Center for Information Technology reported that the number of clerical employees at the univer-
, sity grows at an annual rate of 4.5 percent, but that a computerized records-processing system would
* cut that growth rate in half, while savirg the university at least $11 million over the next five years.

Y Another recent study has forecast that the introduction of microelectronics into office equip-

‘ment in Switzerland would entail the loss of some 250,000 office jobs in that country by 1983
(\\‘Effects of New Technologies” 1980b). A British forecast projects a minimum job loss in excess of

10
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36,000 over the next ten years gue directly to the proliferation of word processors there, with a
possible maximum loss of 260,000 jobs by 1989 (“‘Effects of New Technologies”” 1980a).

Not all employment analysts agree with this grim scenario for office workers. The Occupational
Outlook Handbook put oui by ihe U.S. Department of Labor (1976-77 edition) forecasts an increase
of more than 30 percent in employnent for cterical workers between 1975 and 1985. Also, accord-
ing to Bradbury and Russell {1980), “Word processors are not reducing clerical numbers. They have
an advantage of giving secretarial type support to managers where previously this was not available.”
Business Education Forum also proposes that computerization of offices in the United States will
not drarhatically. affect labor demand for office workers in this decade:

"

While there is an obvious shift to more automation in the office, we need to
remember that our huge data files arg created by workers keying necessary
information into a machine. These workers are trained office employees.
Whatever is meant by the paperless cffice, it is not going to appear overnight,
it is not going to operate without marpower [sic], amd medium and smrall
business is not going to be an immediate participant in these new systems.

° (“Business Education” 1980)

Furthermore, some futurists predict that the use of computers and other "intelligent” machines will
lead to increased employment in some areas.

Computer programming, for example, is a labor-intensive activity that is a
likely source of many thousands of new jobs in the eighties. Demand for

programmers is already outstripping supply, and some analysts have even

suggested that this shortage could constrain the growth in the use of com-
puters in the coming years. (Norman 1981b)

-

An increase in demand for “‘source keying’’ (information entry and retrieval) workers is also expected.

Inroads have also been male by computer technologies on printing and journalism-related
industries. Computerized phototypesetter machines are replacing old, mechanical !inotype machines.
The computérized equipment outperforms the me :hanical machines and has already eliminated some
jobs while drastically altering the skills required by the operators. Electronic paste-up computers
vastly streamline layout work and have reduced the demand for skilled layout artists and changed
the skills they require. 5

The proliferation of mini- and microcomputers in businesses and in homes and the development
of information networks for them may open jobs in maintenance and service, as well as in data entry/
updating work (except for keypunching, which is bucoming an obsolete technology), and other '
information-handling occupations, such as journalism and editing. These may not be newly created
jobs, however, but primarily crossovers frcm newspapers and so iorth.

Changes in occupations, Technology can create major changes in occupations very quickly.
Twenty-five years ago, computers were a minor field, but by 1978 there were 800,000 jobs in the
computer industry (Orth and Russell 1980). The occupations of computer programn..r, analyst, and
operator were simply not open before the mid-1960s. A number of new occupations are emerging
as a result of the newer computer technologies, including composing machine operator, word process-
ing specialist, and records management technician. ' :

As computers become vital to more businesses and industries, spectalized data-entry-and-retrieval
occupations may develop, an example of which is a tumor registrar. Such a worker, according to the
National Tumor Registrars Association, will work:

1"
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.. to establish and maintain the efficient operation of a tumor registry: to
register and follow patients with a diagnosis of malignancy; *o retrieve and
analyze registry data [using a computer or computer network] ; to disseminate
the data in accordance with professional ethics. (Orth and Russell 1980)

Such specialized data-manipulating occupations may combine with many existing occupations in
other areas of health care, in the thsurance industry, in education, in environmental and consumer
protection, and in a multitude of other service industries. - :

Changes in jol content, skills, and skill levels. In surveying computer-related occupations, it
quickly becomes obvious that many office jobs, clerical and retail positions, and other support
services will require a working knowledge of computer software, at least at an'elementary level. The
majority of computerized office equipment is available with inservice training from the manufacturer,
or comes with simple instruction manuals or aids (such as PL.ATO) that provide self-instruction on
the machine as it is used. The majority of Computer-Aided instruction (CAl)—and the use of the
software purchased with the equipment—is designed and packaged for extreme simplicity, however,
and the level of skill required to 'ise such machines is likely to remain relatively low.

. 2

Most observers of emerging computer applications believe that the technology’s proliferation

will have adverse effects on skill levels. Cherns (1980) pointed out that “computerized warehouses
"have reduced or eliminated the skills of storekeeping and the self-supervision of warehousemen [sic]."”
According to the German Union of Salaried Employees, the 30,000 word pracessors installed in that
country’s offices so far have “created.jobs with high stress components, resembling work at the
assembly line. Apart from increased health risks, tHis development leads to deskilling” (“‘Effccts of
New Technologies” 1980a). ' .

So-callea foolproof software for word processors will streamline the work, but also reduce it to

“something anyone can do.” Cherns (1980) suggested that computerization is currently being

. adopted in ways that: ©s :

.. fragment jobs and reduce the employee’s autonomy. ... Word processing
departments have ncw centralized ard devalued the secretary. Some organi-
zations have not recognized the dieconomies that result from such applications
and have attempted to redesign jobs accordingly. ... So far it is fair to say that
redesign has done no more than restore in a few organizations the skills and
autonomy that went with clerical jobs before the computer reduced them;

I cannot repcrt any instance of the computer being deliberately used to up-
grade clerical jobs.

’

Opposing perspectives do exist. Forexample, Schramm (-1980) sUggeste& that computerizing offices
offers opportunities for greater job expansion and satisfaction for clerical workers:

While some observers denounce the repetitive nature of an operator’s work and
consider that it is more and more akin to the fragmentation of tasks found on
an industrisi production line, others, more optimistic, argue that the clerical
“or secretarial ‘worker is at last relieved of certain disagreeable tasks, typing _
speed is attended to by the machine, the need for large numbers of carbon
copies angd_ccrrections is a thing of the past, etc. The secretary is, in short,
freed for more important administrative tasks such as verification, planning,
and organization. Uhlig, Farber, and Bair (1979) also anticipate greater job
satisfaction for office workers, resulting from the increased efficiency of some
office processes and the elimination of others through office computerization.

12
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Some of the professionals’ administrative status may be shifted to secretaries,
along with lower-level dec.sion and management responsibilities. This could
result in secretarial positions (under a different title) becoming entry-level
managerial jobs.

Summary: Computer Applications

Declines in labor demand for office workers are forecast, due to proliferation of computerized
office equipment (especially of word processors) in the 1980s. This pattern of decline is not antici-
pated by some American analysts. Some job losses may be expected in printing industries, however.
Job gains are predicted for computer programmers, maintenance and service workers, operators, and
analysts, as well as for other information-handling occupations (except keypunchers). New special-
ized data-manipulating occupations that combine indepth knowledge of a particular area (such as
health care) are expected to emerge or expand in many businesses and industries.

Skill requirements in many occupations, especially in office work, may decline somewhat, due
v to simplification of tasks involving use of computerized equipment. Use of the equipment itself is
not expected to require high skill levels. Another perspective suggests that computerization will
relieve many workers of disagreeable tasks and will free them for more important ones.

A British report pointed out that there are some other, work-related effects of computerization
of offices: ‘

e <

‘ ‘ Although microtechnology will create new jobs, it is extremely unlikely such

job creation will be on a matck.ing basis [that is, that new jobs ‘will equal staff
reductions]. And, because most jobs involving typing are carried out by women,
it is women who will be hit the hardest. The problem will be aggravated by the
fact that the female labour force is expected to increase both in real terms and

as a proportion of the total labour force. (“Effects of New Technologies” 1980a)

- This report further stated that many of these office jobs are fi'led by youthful workers, and elimi-
nation of substantial numbers of clerical jobs will aggravate the youth unemployment nroblems of
that country—which are not unlike, those in the United States.

Computerization of office equipment may hold new opportunities for employment of the
. * hardicapped. A report from Switzerland on ‘“‘talking typewriters” (audio-typing units using synthetic
speech, which is a microprocessor application) proposed that the new device will give access to office
jobs for the blind or visually handicapped (“Effects of New Technologies” 1980b).

Another optimistic viewpoint is Mayo’s. In his article, “The Power of Microelectronics,” he
pointed out that—

. computer science has not yet provided enough basic knowledge and tools
to improve programming productivity to make full use of microelectronic
technology. ... There is simply not enough talent to program all the computers
that can now be operated economically. (Mayo 1981)
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Advanced Manufacturing Technology

New Technologies, New Users

Automation, in the modern sense, came nto use when Henry Ford adopted the conveyor belt
technclogy for assembly-line production of his Model Ts. Today’s advanced manufacturing technolo-
gics make use of sophisticated design, fabrication, assembly, finishing, and quality control equipment
incorporating microprocessor-driven conitrol systems, lasers, programmable computerized robots,
optical scanners, and an enormous array of new materials and processes. Makers of advanced manu-
facturing equipment (e.g., Cincinnati Milacron, TRW, General Electric, Rockwell International) have
devised machines and tools that improve manufacturing accuracy, efficiency, costs, and safety for
such users as the automobile industry, the aerospace industry, the construction industry, steel and
other matenals producers, and mining companies, as well as the home handygerson.

-

Advanced Manufacturing Technologies and Work

Changes in labor demand. The introduction of industrial robots that incorporate microprocessor
controls, and the reduction of the number and complexity of parts in assembled products through
the introduction of microprocessors into the products themselves, have already had considerable
impact on labor demand in the manufacturing industry. In 1975, the National Cash Register Com-
pany (NCR) in Gréat Britain announced that its work force there was reduced by over 50 percent
since 1970 as a direct result of the company’s introduction of microprocessors into its products in
order to remain competitive (Farley 1980). In the United States, NCR reduced its American work
force from 37,000 workers to 18,000 workers between 1970 and 19785, because its electronic cash
registers required only 25 percent of the labor required to produce the company's earlier mechanical
or electromechanical models (Norman 1981b). The introduction of robot welders in automobile
assembly has resulted in a boost of 20 percent in productivity, at a reduction of 10 percent in the
labor force at the General Motors plant in Lordstown, Ohio (Norman 1981b), and this is only one
plant in a major industry.

Computer-Aided Design (CAD) and Computer-Aided Manufacturing {CAM) are revolutionizing
manufacturing. CAD not only speeds up the I~oorious process of drafting, it also enables the designer
to simulate various aspects of an object or z>semblage by rotating, disassembling, and reassembling it
on a computer screen, as well as testing it under a variety of known, simulated conditions. At General
Motors’ Fisher Body Division in Warren, Michigan, the use of on-screen CAD testing saves enormous
expense and time that otherwise woula have had to be spent in fabricating prototypes for testing
and design modif;_ations.

CAM, computer control of production machires, ranges from machine tools running on
punched-tape instructions to robots that can be reprogrammed to perform a variety of complex
industrial tasks. Such robots outperform human operators in speed, accuracy, and dependability in
many tasks. When CAD and CAM are linked together, their advantages are magnified. At Pratt and
Whitney Aircraft Corporation, turbine blades (as well as other aircraft parts) are manufactured
directly from CAD drawings, with the entire production process automated. In many cases, CAD
has allowed gains of 5:1 or 6:1 reduction in labor, and at least a 2:1 reduction in lead tinie. These
ratios go up to 30:1 and 59:1 when CAD is linked to CAM (Bylinsky 1981). The potential for labor
displacement by CAD-CAM systems in other manufacturing industries is clear.

In the textile industry, the pattern is the same. New technology is expected to replace as many
as 300,000 textile workers in the United States by 1990. Pattern-cutting robots utilizing computer
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controls and laser cutting have already reduced skilled labor requirements in a British g:rment
manufacturing plant from 200 employees to only 20 (Bylinsky 1981). Microprocessor-controlled
sewing machines may similarly affect the task of clothing construction {Lund 1981).

In agriculture, advanced technology is being incorporated into mechanical harvesters. In
California, farmworkers claim that the introduction of such harvesters for lettuce and wine grapes
will replace as many as 40,000 jobs by 1982 (“Effects of New Technologies'’ 1980b).

Manufacturing and mining industries in West Germany give an overview of the general trend of
labor reduction brought about by the introduction of advanced manufacturing technologies there:

From 1970 to 1977 production in the manufacturing and mining industries

in the Federal Republic of Germany increased by 13.5 percent, while employ-
ment dropped by 14.5 percent (in total, 1.246 million persons) and the volume
of employment (number of persons X worked hours) decreased by 21.3 per-
cent, productivity per hour having increased by 44.3 percent. The figures for
producers of office and data processing machines are even more teiling: occupy-
ing third place in the production growth (48.9 percent), that sector lost 20,600
jobs (25.8 percent) while productivity per hour grew by 105.5 percent. (“Effects
of New Technologies’ 1979)

The employment picture is not entirely bleak, however. The machine tool industry in the
United States has been plagued by skilled labor shortages over the past ten years. Employment
dropped 40 percent, from 111,000 in 1969 to 76,000 in 1974, then stabilized around 80,000. When
the auto industry began retooling to meet federal safety and fuel-efficiency standards, United States
machine tool manufacturers were caught with too little a capacity and too few employees to fill the
deluge of orders, resulting in back orders of up to two years (Adkins 1981). Analysts blame the skill
shortages cn the machine tool companies’ lax attitude toward training skilled labor.

The area of industrial maintenance, which employs mostly skilled workers, is expected to grow
in numoer by 3 million new jobs by 1990 (Sniegoski 1979). In addition tie manufacturing main-
tenance occupations (involving thirty-fou%maintenance-related positions, according to the Dictionary
of Occupa.‘/'opa/ Titles) are expected to lose half their members during the eignties due mainly to
retirements, as a large portion of those skilled workers are currently older than fifty (Barker 1979).
The “growing complexity of equipment, plus automation of production processes, is actually
increasing the need for maintenance technicians at a faster rate than the rest of the work force,”’
according to Barker; by 1990 the need for new maintenance workers may be as high as 1 million
per year.

The pharmaceutical industry is exp:oiting automation but does not seem to be suffering
significant reductions in levels of employment. What it is experiencing is a change in skill balances
with new training needs (Bradbury and Russell 1980).

Significant levels of job loss will not be experienced in every manufacturing industry, but as
Norman (1981b) points out, ‘‘the potential range of microprocessor-based automation is very broad.”
The new technelogies are boosting produc:ivity, but it may be a “‘jobless growth.”

Changes in occupations. As noted above, new manufacturing technologies are making a
nimter of occupations obsolete, particularly semiskilled and skilled occupations such as pattern-
cutters and sewing machine operators in the textile industry. No evidence was found that specific
new occupations will emerge as a result of the new technologies, though existing occupations such as
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macinnists, maintenance/repair workers, and the many other manufacturing technician occupations
are likely to change in job content as they incorporate knowledge and skills in such areas as laser
operation, robot control, and computer operation.

Changes in job content, skills, and skill levels. The new manufacturing technologies seem likely
to create the need for new skills and may decentralize decision making to some degree. The consensus
of observers seems to be, however, that the new technologies will decrease skil! levels in general and
eliminate some skills entirely.

A report by the Machine Tool Task Force, a project funded by the U.S. Air Force,
recommends that industry “reduce the skill levels required to operate or maintain
certain machine tools (or to plan the manufacture of a part), an approach already
practiced by some of the technically more advanced companies. This can be done
by using more automation and substituting computers for people in executing
certain decisions or operations.” (Shaiken 1981)

The designers of machinery are indeed making major efforts “to deskill the operation of their
machines” (Sniegoski 1979). Moureover, in The Machinist Shortage, Schultz (1980) claimed that
““large companies have been putting as much werk as thev can onto computer tapes to be performed
by semi-autonomous machining centers,”” and that jobs that caiinot be computerized economically .
“are being broken down at the drafting table into steps that can be performed by less skilleu mach:ng"
operators.” This shows that a deskilling of manufacturing occupations, through adoption of certain
machinery and the redesign of manufacturing processes, is indeed underway.

On the other hand, case studies conducted by the University of California at Berkeiey show
only slight Cecreases in the overall levels of skill required in manufacturing jobs in the steel and
aerospace industries: ‘‘The general conclusion ... was that automation has no substantial effects on
skill levess, particularly once the inctallation and ‘debugging’ stages are passed” (Organisation for
Economic Cooperation and Develonment 1966). It should be noted, though, that this research was
performed before the advent of microprocessors, and its current validity is questionable. It is reason-
able to expect, as mentioned earlier, that at least some rnanufacturing technician jobs will require an
expansion of skills in such areas as laser operation, computer programming, and nu.nerical control
system maintenance and repair.

Summary: Advanced Manufacturing Technology

The new manufacturing technologies seem likely to affect employment levels, occupations, and
job and skill content in all aspects of product manufacture and use. These technologies will dramati-
cally increase productivity, but this wii! tend to be a “‘jobless growth,” resulting in li*tle actual job
creation. Exceptions are likely to be in maintenance and repair jobs, laser technician jobs, ard some
specialized computer-related jobs.

Those occupations not likely to survive the influx of new technologies may be agricultural
harvesters for certain farm produce {such as wine-grape pickers), garinent industr+ workers in pattern-
cutting and garment fabrication jobs, and semiskilled labarers (such as riveters, loaders, and so forth)
in manufacturing/assembly jobs. In those jobs that will be retained, job content and skill levels ¢“em
likely to change, although no general trend is clear. Some jobs will require entirely ne., skills, and
many will require at least an elementary ability to work with computerized control systems. In
addition, the simplification of production machinery, made possible by the advent of microprocessor
control systems, will result in deskilling in some jobs, particularly in faorication and assembly.

16

1M




PART Il
Responding to
Changes in Technology




RESPONDING TO
CHANGES IN TECHNOLOGY

Introduction

Changing technologie, have left their marks on human civilizations throughout history. Of all
the ways changing technclogies affect societies, one of the most significant is the way the changes
affect the nature of work and jobs. This realm was the primary focus of the Technology Adaptation
project. The project was designed to identify advanced technologies that have or are expected to
have significant impacts on technician-level jobs in the 1980s, and to investigate exemplary one- and
two-year postsecondary programs that represent successful responses to technological change. The
differing roles that postsecondary institutions have taken in addressing local and regional economic
development opportunities were 1lso examined, particularly as they related to aiding in technology
transfer and job creation,

The following are a number of conditions colleges may encounter that can inhibit quick and
effective responses to advanced technologies:

® The fast pace of technological change is itself a significant condition, as exemplified by
the rapidly spreading adoption of sophisticated technologies in telecommunications,
manufacturing, computer applications, medical dizgnosis and treatment, transportatiorn,
and other fields.

® The changing nature of eoucational requirements for jobs is the second condition com-
p-icating school response. Examples encountered by the cucrent research include the
changing roles a..d skills needed for design and production work in the emerging
compdter-based manufacturing and telecommunications systems.

® PBecause of the speed ana revolutionary nature of many new technical advances, access
to up-to-date information r.eeded to u2sign core courses and programs is seriously
limited. Few experts and skilled workers exist who can be approached for advice and
information; the potential advisors often are Aot situated near the schoo:, even when
program planners manage to lncate them. 2 .

® Traditional approaches and techniques for planning, develoing, approving, and imple-
menting new programs can be too siow o7 inappropriate for some high-technology
training neeas. A concerp for programs with public funding is that of justifying their
existence on the basis of occupational demand, usually in the form of statistics on
available jobs. If a schuol responds early, the statistics may be insufficient for program ° “
approval. and if the schaol delays, the eventual response may not help companies that
are early adopters of emerging technc'ogies. The delay in providing trained technicians
may be crucial in some industries for attaining or maintaining high productivity and
competitiveness.

* Arother condition is the burden that developing high-technology programs places en
schoni staff. These individuals often have limited time outside of teaching duties to spend
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on systematic development and upgrading activities or on upgrading their own technical
skills. The latter may not even be possible in some technology areas: current project
firdings suggest that hiring instructors with engineering backgrounds as full-time or :
adjurict faculty is considered more appropriate than trying to upgrade instructors whose :

work experience and education predates the emergence of the advanced technologies. q

* Limited information, funds, equipment, and qualified instructional staff affect quality,
response time, and relevance of postsecondary programs. Program quality and content
relevance are key factors when a company is considering providing assistance and/or
support to a school. Further, companies on the ‘“leading edge’’ of new technologies may
shun graduates from local programs because tlﬁ;ompetencies developed aresnot considered
relevant to the companies’ needs. They may favor graduates from programs in other schools
and states who have competencies closer to company hiring requirements.
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Alternative Response Modes

te

As technological innovations progress from the developmental stage to the applied stage;-their
initial use or application by business and industry can pose £ dilemma for postsecondary colleges:
When should a two-year college initiate a training program to meet the need for new skills and knowl-
edges that emerge as a new technolagy is translated into jobs by. users and producers?

Three modes of responding are proposed as optijons from among which a two-year college can
choose. The three inodes are the “early,” *“fast-follpw,”” and “delayed”’ response modes. An institu-
tion may employ ane or more of these response options at different times and in different situations
(see Table 1). gﬂ three modes may be implemented simultanzously when adqressing different tech-

nological training needs. )
.- TABLE 1 ' ' NS
Characteristics of Three Respensé Modes
. by Postsecondary Colleges in High Technology - .
. . . Postsecondary Response Modes

Response Mode - —
Character/st/cs < Early . Fast-Follow Delayed
Enroliment . Speculative Variable Stable
Technology Transfer Initiates - Initiates and supports Supports
Industry ~ ° - |« Attracts expanding Supports expanding Maintains extant
Expansion industry ' : industry industry
Progrim Changes, . Frequent Regular Occasional - |
Availability of , ’ May be available but More readily

, Curniculum | Little ot none not widespread avallablg
Ava,lability-:of More readily ’
Qualified Instructors Few or none | . Limited available
Employment ' Steady, depending on
Demand ' Limited Expanding the economy
Avatlabilit;’of . Steady, depending on
Cooperative Position Limited SN Expanding the economy
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The relative differences represented b§ the three response medes are defined as follows:

* Early responsé mcde. Institution responds prior to the emergence of a technology in the

local region—may establish planning commijtees with potential users, develop preliminary

. course plans, initiate inservice training for teachers, and/or conduct seminars, workshops,
" and conferences to introduce new technology to private sector firms.

® Fast-follow response mode. |nstitution responds soon after new technology is first
adopted by local users—may conduct fast-start training sessions, develop and conduct core
courses, begin full program development, and expand offerings as number of users increases.

* Delayed response mode. Institution responds after new technology is well established
among regional users—courses and programs are developed to meet job opportunities when
future growth of the technology is ensured.

The early and fast-follow modes can optimize the rapid adoption of new high-technology inno-
vdtions, leading to improved productivity, product quality, and local economic de elopment. A
delayed response can also be an appropriate course of action for an institution depending on certain
factors that can affect the success of a new program,

Factors to Consider N

A number of factors can affect the timeliness, effectiveness, and Ioné-term success of post-
secondary frograms developed under the early and fast-follow response modes. Findings from the
site visits, discussions with both educators and employers, and reviews of other research suggest that
there are at least three factors.

® The nature and adoption rate of a technology in lozal or regional business and industry
sectors

® The level of planning, cooperation, and resource sharing among government agencies,
educational institutions, and business and industry groups

® The existence of flexible institutional capabilities essential to the rapid development,
delivery, and maintenance of courses and programs in high-technology fields

Each of these factors is discussed in the following sections, and suggestions for assessing each
one are offered.

The Nature and Adoption Rate
of Technology

Technology is the totality of any human endeavor dec.gned to extend our capabilities bey ,nd
their natural limits. All technologies can be classified according to three general levels of develop-
ment—low, intermediate, or high, with high-level technology development prevalent in the heavily
industrialized countries of the world. The distinction among levels is based on the extent to which
a technology extends human faculties. Briefly stated, low-level technology encompasses primitive
tools and simple machines powered by animals or humans. Intermediate-1&%el technology incorporates
improved tools and machines, such as metal tools, and compound or complex machines having inter-
related parts and powered by humans, animals, or natural sources (e.g., wind, water). High-level
technolegv includes complex machines and tools driven by power sources other than human, aniimal,
or natural—that i<, using internal combustion, electricity, hydraulic, or pneumatic power sources
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instead. High-level technology, through the use of modern computer technology and sensory systems,
can incorporate elements of humanlike analytical, mathematical, decision-making, and memory
processes (Pytlik 1978).

The term “high technology” is commonly used today when reference is made to the state of
the art or emerging technologies such as solid-state integrated circuitry “chips,” fiber-optic and laser -
transmission systems, computer networks, space flight guiuznce systems, and complex self-monitoring
and computer-controlled devices. ’

Technology is the resul* of developmental experiences and tends to evolve through several .
major stages. This is particularly true for many advances and improvements in modern high-technology
fields. The stages of technology development include basic research, applied research, and the-experi-
mental development stage. |f a commercially viable product is developed, it will be introduced into
the marketplace and will continue to pass through a product cycle (Hirsh 1965). From the perspective
of the user or adapter of a technology, the phases can be described as (1) the early'innovation stage,

(2) early adoption stage, and (3) Iatfar adoption stage. (See Figure 1.)

.Stage | Stage il Stage 111
Early Early Later
Innovation Adoption Adoption .
Technology
------- = Transfer and Diffusion —————————Pp
FIGURE 1

“tage | represents a point in <he development of a new innovation at which one or only a few
orge.uzations have access to it. At this stage, the new innovation is assumed to have emerged from
the purely research stage and has reached the practical application stage.

Several types of organizations are typically the early innovators. Private companies, both large
and small, government-sponsored R&D agencies, university research departments, and private
1iventors are the primary members of the early innovator group. The mcre advanced technologies
and the more research-intensive and costly developments generally will be found among large corpor-
ations and government research agencies. However, in terms of many practical innovations that
require more crzative thinking than basic research, smaller companies and private inventors are often
the successful innovators. - '

Stage || organizations are the early adopters and are typically the initial purchasers of new
technology. If the technology is expensive and designed for a particular market (such as large-scale
applications), the initial adopters will be those companies that have the necessary capital to purchase
the technology and are of such size or structure that they can achieve the intended efficiency
designed into the new technology. However, a technology can be designed to serve the need: of
a greater variety of users, and will thus appeal to a larger market.
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The amount of time required for an innovation to move through the several phases of adoption
will vary with the kinds of innovations and the particular needs of potential users. Innovations that
contribute to direct and immediate reductions in the users’ ccst of producing their own primary
products or services may be adopted more rapidly than innovations that are only secondarily bene-
ficial to the users’ operations. For example, if skilled labor is plentiful and less expensive than invest-
ing in new capital equipment (i.e., robots}, then a firm may defer acquiring the new equipment until
some future date.

In another situation, an innovation may have some potential application but will require
additional development and modifica.ion before i. can be incorporated into existing operations.

In such a situation, many potential users may delay adopting the innovation until it has received
further réfinement and can be more easily integrated into their system. Also, many potential users
may not have the capital or capability to conduct the necessary further development required to
adapt an innovation to their particular needs. “
’ ]

The rate at which an innovation is being adopted can be measured approximately by finding
out how many new users (individual firms) acquire (purchase/lease)-the new product in a given
period of time (month/year). Variations of this measure include the adoption rate of new users in
different technical fields and among firms of different size. These additional measures can indicate
the rate at which an innovation (e.g., word processing systems) is being adopted in different types
of business organizations as well as the direction of the adoption trend (e.g., large firms first, small
firms later).

~ In order to understand more fully the potential impact that a particular technology might have
on future human resource requirements, consideration must be given to several aspects of the tech-
nology adoption and transfer process. Techrmolcgy transfer involves the transfer of information and

the devices or products essential to the application of a given technology. .

There can be both a “‘vertical’ and a “‘horizontal’’ dimension to technology transfer. Technology
moves along the vertical dimension from the general to the specific, from theory to application.
Vertical transfer also refers to the diffusion of a technology within a particular industry. Along the
horizontal dimension, the use of technology is transferred from one field of application to another,
from one type of industry to another. Horizontal transfer includes the diffusion of a relatively
standard product to many potential users, but also results, through the process of adaptation, in the
establishment of new uses that are different from the original ones. In reality, a particular technology
may move through several phases, from innovator to early ‘adopter to later adopter, while it is also
being adapted to new uses and being introduced into new fields of applicatiorior example, in the
United States, producers of a particular line of products (machine-tools) generdily market their
products and new product innovations to customers in diverse fields. Insuch a market system, a
new innovation developed for one client can be quickly diffused to many different users.

In the educational field, new discoveries and new knowledge coming from the frontiers of
scientific research move vertically down through the technical institutions and become incorporated
into the boAdy of knowledge on which program content is based. Because there are many variables
in the adoy cion and diffusion of technological inndvations, educational planners should assess the
potential impact of technological changes on th* education and training requirements of occupations
that might affect their institution’s programs. The selection and timing of program responses to
technological changes should be made on the basis of such an assessment to ensure that the most
appropriate response is chosen. Additionally, the assessment can help to ensure that sufficient time,
resources, job oppartunities, and student interest are available to support new program initiatives.
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Assessing the technology. When assessing the nature and potential adoption of a particular
technological innovation, attention should be given to its probable impact on a local region. The
following are examples of questions to be answered in such an assessment:

® |s the technology generic (applicable to many users’ needs; e.g., minicomputers) or
highly specific (useful to a limited group of users; e.g., laser welding)?

® Are larger organizations likely to be the early adopters or will smailer firms adopt first?
®* How rapidly is the innovation being adopted in other regions?
® s the relative cost of the innovation high or low?

® Are local conditions (labor costs, type of industr§, age of existing technology) favorable
to rapid adoption in the near future?

* Will the adoption of a new product or process increase or decrease the amount of training
required of workers ¢nd technicians? :

¢ Will the adoption tend to increase or decrease job opportunities in the local region?

Planning, ‘,Cooperatrion, and
Resource Sharing

A second factor that can greatly affect the early and fast-follow development and maintenance
of high-technology programs in two-year postsecondary institutions is the level of planning, coopera- __~
tion, and resource sharing among government agencies, postsecondary institutions, and the business
and industry community. The need for advance planning and cooperation among these groups in
developing high-technology programs is essential in light of the high costs and related risks frequently
involved in starting such programs. Joint planning, close cooperation, and extensive support and resource
sharing between postsecondary programs and the private sector often is associated with the existence
of high-technology development groups, expanded advisory committee functions, and the involvement
of leading high-technology corporations.

High-technology development groups. Advance planning and coordination between the private
sector and local postsecondary institutions are facilitated through the assistance of special groups,
such as high-technology industry councils, state government task forces for high-technology develop-
ment, and/or state economic development programs focused on attracting high-technology industries.
Examples of such organizations encountered in the site visits are Partners in Progress (Milwaukee,

" Wisconsin), the Massachusetts High-Technology Council (Boston), the Design for the Eighties pro-

gram (South Carolina), and the governor’s program to attract microelectronics industries to North
Carolina. ’

High-technology development groups can help bring together representatives from the private
sector and educational community to plan and coordinate activities towarJd common goals and to
ensure complimentary growth of new industry and needed training and education programs.

Expatided advisory committee functions. A second characteristic of advance planning, close
cooperation, and extensive sharing of both human and material resources between the private sector
and two-year postsecondary institutions is the expanded use of advisory committees. In several of
the cases siudied, faculty members were provided released time to work extensively with represen-
tatives of local businesses at the companies’ facilities, to plan and develop new courses and programs.
Individuals from the private sector often donated many hours of their time and expertise to assist in

” )r
Aw




analyzing new jobs, describing skill requirements, nlanning cooperative work experiences, developing
curriculum materials, or providing other oceupaticnal information necessary to aid faculty in starting
new courses and programs. Additionally, corporate training personnel were involved in updating the
knowledge and skills of postsecondary faculty as well as sharing training information and strategies to
aid instructors in developing new courses and selecting appropriate equipment.

High-technology corporations. Significant levels of resource sharing and industry support for
postsecondary programs were found where institutions became involved with leading com panies or
organizations. This was particularly true o, companies with a nationally and internationally marketed
product that represented the latest stage of technological development. An example is Digital Equip-
mént Corporation (DEC), which has provided computer equipment, related hardware, and instructor
training to assist institutions that establish a Minicomputer Technology Program (MTP). Twenty-four
schools are now involved in such programs and have received significant levels of support from DEC.

“

Cincinnati Miiacron, a world leader in advanced technology metal-cutting and plastics processing
machinery, has provided expensive robot equipment to universities and two-year technical institutes,
and has also provided technical advice to assist institutions in developing new programs and updating
existing ones in manufacturing technology.

The Tufts-New England Medical Center has provided Franklin Institute’s medical electronics
students with clinical internship positions that include hands-on experiences with the latest high-
technology medical equipment available.

It should be pointed out that leading firms in a given technical field, particularly equipment
manufacturers, are often large companies and can better afford to provide expensive equipment and
resources than can smaller companies that have iess equipment available and use it fully in their
business operations. The contributions of smaller firms should not be discounted, however, as they
often are a major source of new job openings, provide local cooperative education work experiences,
participate in local advisory committees, and provide part-time instructors for postsecondary programs.

The potential for establishing advance planning, cooperation, and resource sharing among state
and local government agencies, business and industry firms, and two-year postsecondary institutions
should be carefully assessed when early or fast-follow responses are being considered by an institution.

Assessing potential cooperation. Many questions can be asked in assessing the local potential
for advance planning, cooperation, and resource sharing. For example:

® What is the technological profile of existing local businesses and industries?
® Which local companies are manufacturers and which ones are users of high technology?

® Do business and industry groups already exist that might be willing to join in forming a |
high-technolugy council?

® What linkages exist between the college(s) and private sector that can be strengthened?

® What agencies at the state government level could play a role in establishing access to
and dialog with major corporations?

* Are there local business, industry, or civic leaders who are willing and capable of
initiating cooperative planning efforts in and outside of the local area?

¢ Can private sectos firms provide needed resources and facilities?

® Are firms willing and capable of providing work stations as part of a high-technology
cooperative education program?
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* To what extent will local and regional companies participate in advance planning activities
regarding future trends in technology adoption, emerging training needs, and commitments *
of resources and support for new programs?”

)
Ed

Institutional Flexibility and
Response Capabilities

A third factor that can affect postsecondary program responsiveness in the early and fast-follow
modes is the flexibility of the institution and its capacity for rapid response to emerging needs.
Flexibility refers to the institution’s capacity-to initiate and carry out a broad range of activities
without unnecessary bureaugratic restrictions and delays. Rapid response refers to'the capacity of
the institution or its various program areas to determine quickly the training needs of specific firms,
develop new courses, quickly deliver instruction through a variety of techniques, and/or access
technically competent individuals to serve as instructors.

Assessing institutional capabilities. When assessing an institution’s capacity for flexible and
rapid response, several specific capabilities should be examined. The following questions can serve
as guides to the assessment process: ’

® Is there a quick mechanism for contracting directly with employers to de* 2lop and deliver
special training programs?

® Are faculty allowed to provide consulting and coordinating services to aid a business or
industry in solving either technical or personnel training problems?

® Can multiple tracks or course options within a prog'ram be made available to accommodate
the training needs of workers from different firms or with different levels of education
and work experience?

® Is there an existing procedure that allows the institution to jointly plan and conduct
special seminars, woi kshops, or conferences with a focus on new technology and issues
of special interest to local business and industry? '

® Does or can the institution involve local chapters of business and industry associations
and professional and trade groups in ;lanning and developing new courses or programs?

* Will the state governance agencies develop alternative policies to facilitate more rapid
program approval and special funding for early or fast-follow responses at the institution?

* What previous activities or efiperiences has the institution conducied that could be high-
lighted to demonstrate its cdpacities to busiress and industry? <

® What programs and faculty competencies are in the institution that can serve as a founda-
tion on which new programs or training activities can be built?

There are other questions that can be raised in assessing an institution’s current and potential
capacities to respond quickly and in a flexible manner to emérging high-technology training needs.
The concern here is that institutional capacity is one of the important factors related to successful
efforts to plan, develop, and deliver the needed training in emerging high-technology businesses and

industries.
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Strategies for Alternative Response Modes

After assessment has been made regarding (1) the impact of a technology on the local setting,
(2) the potential for planning, cooperation, and resource sharing, and (3) the capability of the insti-
tution to respond, a decision can then be made as to which response mode to select.

Early response mode. If the results of the assessment support the need for an early response,
the following strategies may be implemented as part of the response; .

® Obtain advance information and advice from R&D labs in industry and from universities
that are Involved in high-technology research projects. Because these sources can provide
information about emerging technologies and innovations, programs can be planned that
will be relevant when the new technologies come on-line.

* Begin to upgrade instructional staff via cooperative arrangements with high-technology
companies and universities, whereby instructors spend time gaining experience with the
newest equipment and processes by working in those environments.

* Recruit new instructors with recent engineering\backgrounds to aid in upgrading and
guiding those with more traditional backgrounds.

® Form or join an alliance with other educational institutions for the purposes of sharing
the costs of developing new programs and courses in high-technology areas, sharing
materials and ideas, exchanging faculty for teaching and inservice activities, identifying
and sharing combined expertise and resources with businesses and industries, and
mutually supporting projects in areas of common needs.

® Establish or strengthen linkages between postsecondary technical colleges and universities
to utilize the university’s facilities and faculty expertise, and aid in curriculum development.

»

® Seek funding (especially “‘front money’’ to develop new programs) from sources such as

- state economic development agencies, industrial associations, or foundations. Funding
from these sources permits programs to be developed and implemented more quickly than
by usual funding methods, which may require certain enroliment or job demand levels for
program approval.

® Gain access to highly specific and expensive equipment through cooperation with related
industries; or, compensate for the lack of such equipment by the use of innovative
instructional approaches (e.g., using video simulation).

® Begin developing a few initial or supplemental courses in specific high@echnology areas
(e.g., computer graphics) to meet more immediate needs. These courses can later be
expanded to create more comprehensive programs to meet long-term needs as the
technology becomes more widely adopted.

Fast-follow response mode. If the results of the assessment suggest the fast-follow mode as the
most appropriate course of action, the following strategies may be employed:

® Establish a panel of experts in the technology area to aid in rapid development of
training courses.

® Secure technical information and materials from manufacturers of the technical products
and devices to be used in training sessions.

® Seek out technically competent business or industry personnel as part-time instructors
in new training courses.
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® Develop a few ‘‘core courses’ or supplemental units of technical instruction to meet
immediate needs.

® Adopt training courses or course modules from companies that have already developed
them.

® Update the knowledge and skills of key faculty members through intensive training courses
available through leading industries.

® Use facilities or equipment that may be available in the private sector or local universities.

® Use cooperative training experiences to provide students with exposure to the latest
generation of equipment and processes.

Thesg strategies are specific actions that, ideallv, should facilitate successful program develop-
ment and operation. The ideas offered in this paper are intended to stimulate the thinking of
educators and business and industry personnel toward increased joing planning, cooperation, and
resource sharing to meet the current and future needs for trained technicians in high-technology
occupations. . '
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- RESOURCES

During the course of this study, the staff became aware of a2 number of associations and organi-
zations that were engaged in the research, promotion, or information dissemination of advanced
technology. The following list is included in this study as an example of resources the reader may
wish to contact for additional information. The list is by no means complete, but inquiries to one
of the national information systems or clearinghouses should provide vaiuable additional leads.

Professional Organizations

Robot Institute of America
One SME Drive

P.O. Box 930

Dearborn, Ml 48128

Society of Manufacturing Engineers
One SME Drive

P.O.Box 930

Dearborn, M1 48128

American Association of Commu nity and Junior Colleges
1 Dupont Circle
Washington, DC 20036

National Association of Industrial and Technical Teacher Educators
cfo Professor Thomas Gregor

Ritter Annex 443

Temple University

Philadelphia, PA 19122

National Computer Graphics Association

2033 M Street, NW -
Suite 330

Washington, DC 20036

American Society for Training and Development

600 Maryland Avenue, SW

Suite 305

Washington, DC 20024 -

National Society for Performance and Instruction
1126 16th Street, NW

~ Suite 315
Washington, DC 20036
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American Electronics Association
Technology Training and Careers
P.O. Box 11036

Palo Alto, CA 94306

Society of Manufacturing Engineers
Specialties:

Robotics International of SME
One SME Drive

P.O. Box 930

Dearborn, M| 48128

Computer and Automated Systems Associations of SME
One SME Drive

P.O. Box 930

Dearborn, M| 48128

Association of Finishing Processes of SME
One SME Drive

P.O. Box 930

Dearborn, Ml 48128

Laser Institute of America
4100 Executive Park Drive
Cincinnati, OH 45241

*

University-Based R&D Organizations

National Association of Industrial Technology
c/o School of Tecnnology

Bowling Green State University

Bowling Green, OH 43403

Department of Engineering and Public Policy
Carnegie-Mellon University

5000 Forbes Avenue

Pittsburgh, PA 15213 ”

National Center for Research in Vocational Education

The Ohio State University *
1960 Kenny Road
Columbus, OH 43210
Research Projects .

Vocational Education for Economic Development Project
American Vocational Association

2020 N. 14th Street

Arlington, VA 22201
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Industry-Education-Labor Collaboration Project
National Manpower Institute

Center for Education and Work

1211 Cornecticut Avenue, NW

Suite 501

Washington, DC 20036

Infermation Centers/Systems

Office of Technology Assessment
Cougress ¢f the United States
Washington, DC 20510

National Technical Information Service
U.S. Department of Commerce

5285 Port Royal Road

Springfield, VA 2216

Technology Education Research Center
8 Eliot Street
Cambridge, MA 02138

Congressional Information Service, Inc.
4520 East-West Highway
-Washington, DC 20014

World Future Society
P.O. Box 3G369
Bethesda Branch
Washingron, DC 20014

National Network for Curriculum Coordination in Vocationz! and Technical Education
Sangamon State University, E -22
Springfield, 1L 62708

R&D Organizations
National Aeronautics and Space Administra.ion
Technology Transfer Division
Office of Space and Terrestrial Applications
Washington, DC 20544

National Association for Industry Education Cooperation
P.O. Box 06235

53 East Stewart Avenue

Columbus, OH 43206

Battelle Memorial Institute
505 King Avenue
*  Columbus, OH 43201
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